Introduction
Premature Coronary Artery Disease (PCAD) is one of the earliest manifestations of coronary atherosclerosis. Effective management of PCAD therefore requires timely detection and accurate evaluation of these patients. Inflammation is proposed to be the main event in the pathogenesis of atherosclerotic plaque formation and progression in CAD [1] . The inflammatory cascade has counter balancing factors that maintain a delicate balance of pro-and anti-inflammatory molecules that regulate vascular homeostasis and maintain integrity of the vessel wall [2] . Multiple pro-inflammatory and anti-inflammatory cytokines are involved in the pathogenesis of CAD having overlapping, antagonistic and synergistic effects. Interleukin-18 (IL-18), tumor necrosis factor-alpha (TNF alpha), High-sensitivity C-reactive protein (hS CRP) and interleukin-10 (IL-10) are being considered to play an essential role in the modulation of immunological and inflammatory processes during various stages of premature coronary artery disease.
IL-18 induces the expression of pro-inflammatory cytokines
and Chemokines such as Interleukin-6 (IL-6), IL-8 and Monocyte Chemo attractant Protein-1 (MCP-1) [3] . TNF alpha is also a proinflammatory cytokine which is up regulated in ischemia inducing activation of xanthine oxidase and production of O 2 of coronary artery disease [7] . Several studies have also shown that increased levels of fibrinogen, CRP and IL-6 are associated not only with the risk of coronary artery disease but also with its clinical course, progression and severity [8] . Interleukin-10 (IL-10) on the other hand is an anti-inflammatory cytokine which is associated with a humoral immune response that acts by limiting the local inflammatory response which provides stability to the atherosclerotic lesion [9] . We sought to assess the role of cytokine mediators IL-18, TNF alpha, hS CRP, IL-10, IL-18/IL-10 ratio and TNF alpha/IL-10 ratio in the diagnosis of PCAD patients.
Methodology
The diagnostic validation case-control study was conducted at the Clinical Pathology Laboratory (CPL), Army Medical College, Rawalpindi, in collaboration with the National Institute of Heart Diseases (NIHD), Rawalpindi, Pakistan. Ethical approval was duly sought from the Institutional Review Committee of Army Medical College (AM College) under the auspices of the National University of Science and Technology (NUST) Islamabad, Pakistan. Duration of the study was 8 months.
Subjects
Two hundred and fifty subjects aged < 45 years scheduled to undergo coronary angiography were consecutively screened. Out of these 196 subjects who gave consent and fulfilled our inclusion criteria participated in the study. These included ninety-eight patients with > 70% stenosis in at least one coronary vessel on angiography which is the gold standard, were labeled to have PCAD. Those who were angiographically proven to be disease free were labeled as controls (n = 98) after informed consent. Only those patients who had > 70% stenosis in at least 1 coronary vessel on coronary angiography which is the current gold standard were taken as PCAD patients. Patients with a history of hematological, neoplastic, renal, liver or thyroid disease were excluded. Furthermore, patients with infectious or autoimmune diseases, familial hyperlipidemia, congenital heart disease, hepatitis, valvular heart disease, asthma, rheumatoid arthritis or life expectance of less than 12 months and those unable to give informed consent were also excluded. In the controls subjects with any acute or chronic illness or those on anti-inflammatory drugs were excluded. Pregnant women and women on contraceptives were also excluded from the study. Demographic characteristics including cardiovascular risk factors such as hypertension; diabetes mellitus, dyslipidaemia and smoking were noted. Medical examination by a general physician was conducted.Written informed consent was obtained from subjects.
Biochemical Analysis
All laboratory investigations were carried out in the Clinical Pathology Laboratories of AM College, NUST Rawalpindi, Pakistan. Blood samples were taken in the morning on the day of angiography of the respective patient. 5 ml blood sample was obtained by venipuncture and transferred to a plain vacutainer tube for serum analysis. Serum was separated by centrifugation at 1500x g for 15 minutes and stored at -70°C until biochemical analysis.
Enzyme Linked Immuno-sorbent Assay (ELISA) technique was used for measuring the concentrations of serum IL-10, IL-18, and TNF alpha using human IL-10, IL-18, and TNF alpha, (Bender med Systems, Austria) commercial kits with monoclonal antibodies. The calculated overall intra assay Coefficient of Variation (CV) for IL-18, TNF alpha and IL-10 was 6.5%, 6.0% and 3.2% respectively while the limit of detection was 9pg/ml, 2.3pg/ ml and 0.1pg/ml respectively. The inter assay CV was 3.4%, 3.8% and 3.0% for IL-18, TNF alpha and IL-10 respectively. Analysis of hS CRP was done by a chemiluminescent immunoassay on Immulite 1000 using kit provided by Siemens (UK). The interassay coefficient of variation (CV) was 3.5%. Serum cholesterol was measured by cholesterol oxidase method (CHOD-POD) and serum triglyceride was measured by GPO-POD Colorimetric method. All the analytes were run on Selectra E (Vital Scientific, Netherland) using kits provided by Pioneer Diagnostics (USA). CV of the method was < 1%.
Coronary angiography was performed by trained cardiologists by Jut kin technique using a quantitative coronary angiographic system. Degree of atherosclerosis was calculated using the Gensini score [10] . All coronary angiograms were evaluated by the cardiologists who are unaware of the biochemical analysis results to avoid bias.
Statistical Analysis
Statistical analysis was performed using SPSS-17 (SPSS Inc, Chicago) and MedCalc software version 9.6.4.0. KolmogorovSmirnov test was applied on data which revealed non-Gaussian distribution for cytokines (P < 0.05). Mean, SD, median was calculated for descriptive statistics. Median and Interquartile Range (IQR) were calculated for cytokine levels and ratios. MannWhitney U test was applied for comparison of PCAD patients and controls. Receiver operating characteristic curves (ROC) was constructed using MedCalc software in order to evaluate the diagnostic values including sensitivity, specificity, likelihood ratios and diagnostic odds ratios of cytokine mediators. Spearman Correlation test was applied to see the association between hS CRP and IL-18 and TNF alpha. A p-value of < 0.05 was considered to be significant.
Results
A total of 196 subjects participated in this study comprising of 98 cases and 98 controls. The mean age of the cases and controls was 40.7 ± 4.23 and 35.1 ± 7.55 respectively. Baseline characteristic data of the subjects is shown in Table 1 . The PCAD patients were more frequently hypertensive, diabetic, and hyperlipidemia with a positive family history of PCAD.
ROC analysis of biomarkers in PCAD patients and controls revealed that Area under curve (AUC) and 95% (CI) of hS CRP 0.936 (0.89-0.97) was the highest closely followed by IL-18: 0.853 (0.79-0.90). Area under curve (AUC) and 95% (CI) of TNF alpha, IL-18/IL-10 ratio and IL-10 were 0.731 (0.659-0.796), 0.667 (0.592-0.737) and 0.574 (0.497-0.649) respectively [ Figure 1 ]. The diagnostic odds ratio of hS CRP was highest at a cutoff level of 3.18 mg/L. The sensitivity and specificity of hS CRP at this cutoff for the diagnosis of PCAD was 86% and 91% respectively. The maximum sensitivity and specificity of IL-18, TNF alpha and IL-10 were seen at levels of 200 pg/ml, 4.6 pg/ml and 0.3 pg/ ml respectively, their DOR's were however lower than that of hS CRP as shown in [ Table 2 ). Significant correlation was observed between hS CRP and IL-18 (r = 0.436, p < 0.01) and hS CRP and TNF alpha (r = 0.287, p < 0.05). The serum cytokine levels were significantly higher in cases as compared to the controls [Supplementary 
Discussion
The results of our study show that hS CRP have the best diagnostic ability out of all the cytokine mediators for the detection of PCAD. Patients with CAD had higher CRP levels than those without CAD and correlated with the severity of coronary atherosclerosis [11] . CRP is being quoted as the marker of disease activity as well as disease severity in cases of CAD [12] . This is because in the early stages of atherosclerosis it correlates extremely well with the rate of progression of atherosclerosis. hS CRP is the most predictive inflammatory marker for coronary artery disease [7] . Role of hS CRP in the risk stratification of CAD has also been shown by Peer et al. [13] more recently, Koc et al. [14] demonstrated that the levels of hS CRP were elevated in CAD when compared to controls regardless of the time of sampling and also had good diagnostic power for detection of stable CAD. Our study highlights the diagnostic performance of hS CRP in identifying premature CAD patients. Elzahwy et al. [15] demonstrated a strong correlation between hS CRP and coronary intima-media thickness which is an independent predictor of multi-level atherosclerosis and has high sensitivity and specificity . However, Hung et al. [16] state that CRP provides only modest predictive value for future CAD Inflammatory biomarkers have immense potential in detection of coronary disease [17] . The importance of hS CRP in the diagnosis of PCAD emphasizes the need to determine its optimal cutoff value with the best sensitivity and specificity. The definitive cutoff values have still not been determined as the cut off value in our study was slightly higher and with much greater sensitivity and specificity as compared to a previous study [18] .
Similarly, we observed that the sensitivity and specificity of IL-18 was also very high for the diagnosis of PCAD. Positive correlation has been shown between IL-18 and carotid intimamedia thickness and coronary plaque area [19] . This is probably because IL-18 over expression induces atheroma formation while the endogenous inhibitor of IL-18 slows plaque development [20] . Li et al. [21] demonstrated that IL-18 had AUC of 0.86 for detecting and predicting thin cap fibro-atheromas as confirmed on intravascular optical coherence tomography. On the other hand Martins et al. [22] found only marginal significance of IL-18 for prediction of CAD with or without adverse events.
TNF alpha and IL-18/IL-10 ratio showed moderate diagnostic performance for the diagnosis of PCAD. According to Branen et al. [23] TNF alpha is actively involved in the progression of atherosclerosis and its inhibition reduces atherosclerosis in mice. TNF alpha is being considered to be a sensitive and specific biomarker in the early diagnosis of metabolic syndrome which increases the risk to develop PCAD [24] . TNF alpha levels have shown significant association with the atherosclerotic burden consistently [25] . Chalikias et al. [26] demonstrated that an imbalance between the pro-and anti-inflammatory forces leads to plaque disruption and recurrent cardiovascular accidents making IL-18/IL-10 an independent predictor of adverse events in hospitalized coronary syndrome patients. The reason for their moderate diagnostic efficacy in our study is the possibility that acute cardiovascular event in our study population occurred over 2 months before the day of their angiography. So as the protective response comes into play after the acute event in the form of rise in IL-10 the IL-18/IL-10 ratio starts decreasing and TNF alpha degrades due to its short half life. IL-10 turned out to be highly specific at 0.3 pg/ml and may be used for correctly identifying the subjects not having PCAD. It can be employed as a rule out biochemical marker.
Sensitivity of Cytokine and Cytokine Mediator Detection aiding in Diagnosis of Premature Coronary Artery Disease Patients
Significant positive correlation was observed between hS CRP and IL-18 highlighting the role and probable synergism of proinflammatory cytokine mediators in the diagnostic evaluation and pathogenesis of PCAD. Yamaoka-Tojo et al. [26] suggests that CRP induces the production of IL-18 further enhancing the pro-inflammatory component of the cytokine cascade. Moderate correlation was observed between hS CRP and TNF alpha also. This is in agreement with certain studies which suggest close correlation between hS CRP and TNF alpha [27] . One of the major strengths of our study is that we have independently established the reference interval of novel cytokine mediators in our study and have included angio-negative individuals as healthy controls thus allowing for a better comparison between patients and controls. It is also the first kind of its study to the best of our knowledge which has studied the diagnostic accuracy of proand anti-inflammatory cytokines in Premature Coronary artery disease patients who are young (< 45 years) and whose number is increasing alarmingly in Pakistan and South Asia. Moreover, we have seen that while IL-18 and hS CRP have high diagnostic performance for diagnosis of CAD and may be used in combination with clinical assessment for better therapeutic management. The major limitation of our study is its small sample size and the fact that we have included stable PCAD patients. We therefore recommend that future studies be carried out in multiple centers on larger patient populations and should also include acute coronary syndrome cases of PCAD for a better assessment of the diagnostic efficacy of cytokines in PCAD patients.
Conclusion
The study demonstrated that serum hS-CRP and IL-18 had more than 85% and 70% sensitivity respectively among the cytokines mediators for diagnosis of PCAD in the high risk group of patients. IL-18/IL-10 ratio revealed moderate diagnostic significance for PCAD. IL-10 had 100% specificity highlighting its role in the exclusion of PCAD diagnosis in the cardiac clinic setup. These serum cytokines correlated well with the atherosclerosis burden. Thus, these potential cytokines can be used for triage of patients reported with chest pain and avoid the un-necessary costly angiography procedures in the healthy individual. 
